ABSTRACT
INTRODUCTION
Papillomaviruses are epitheliotrophic DNA viruses, which predominantly infect the skin and mucous membranes (1) . Human papillomavirus 6 and 11 are associated with 90% of anogenital warts while HPV 16 and 18 are associated with 70% of high-grade cervical dysplasia and cervical cancer (2) . Other high-risk subtypes associated with cervical cancer include HPV 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 66 (2) .
About 10% of women in the general population are estimated to harbour cervical HPV infection at any given time (3) . Approximately 75 to 80% of sexually active adults will acquire a genital tract HPV infection before the age of 50 years (4) .
The main burden of HPV-related disease is due to cervical cancer, which is the second most common cancer in women worldwide with 500 000 cases diagnosed annually and 270 000 deaths (2, 3) . In Latin America and the Caribbean, it is the leading cause of years of life lost from cancer (5) with approximately 33 000 annual deaths (3, 6) . This translates into an economic loss in productivity of US$3.3 billion per year (6) . In The Bahamas, the incidence of cervical cancer is 16.7/100 000 (3) . Developed countries such as the United Kingdom (UK) have successfully reduced death from cervical cancer through effective screening programmes (7) .
Much of the prior work in the Caribbean focussed on Pap smear knowledge and attitudes (8) (9) (10) . While there was some knowledge of the Pap smear and its purpose, high-risk sexual behaviour was not uncommon and there were few who adhered to the screening guidelines. Education and religion influenced these factors. With respect to HPV and HPV vaccine knowledge, prior data from Central and South America suggest that while knowledge is limited, acceptance is high after education (11) (12) (13) . In Grenada, among college students, the purpose of the Pap smear was known but the association between cervical cancer and HPV was recognized only in about 54% of males and 64% of females (14) .
Pap smear coverage in The Bahamas has remained about 10 to 15% over the past decade, although there are government clinics close to each community which offer this service. In addition, The Cancer Society of The Bahamas carries out annual Pap smear campaigns, during which healthcare providers educate the community about cervical cancer or other relevant health topics. Despite these efforts, the number of Pap smears processed annually at The Princess Margaret Hospital (the main tertiary medical institution in The Bahamas) has decreased.
In 2006, the US Food and Drug Administration (FDA) approved the quadrivalent vaccine for females, protecting against HPV 6, 11, 16 and 18, (15) and in 2009, the bivalent HPV vaccine which protects against HPV 16 and 18 (16). In 2009, the US FDA licensed the use of the quadrivalent vaccine for 9-26-year old males against genital warts caused by HPV 6 and 11 (15) . While there was considerable media attention in The Bahamas, the uptake of the vaccine has been mainly in the private sector.
The trend of decreasing Pap smear rates in The Bahamas prompted us to measure knowledge of HPV, cervical cancer and other HPV-related conditions and also to determine knowledge of the HPV vaccine.
SUBJECTS AND METHODS
The survey was conducted from December 2008 to March 2010, once Institutional Review Board approval was obtained. Both males and females over the age of 18 years were invited to participate. Participants were recruited from the Family Medicine Clinic at the Princess Margaret Hospital, two private clinics not affiliated with the government hospital and one community site, using a convenience sampling technique. At the community site, passers-by were stopped and asked if they were willing to participate in the study. The original English questionnaire was formally translated into Haitian Creole by the Haitian Embassy in The Bahamas in order to accommodate Creole speaking participants. Those who were not able to read or write well had assistance in completing the questionnaire. Participants were not required to give their name or any contact information.
The questionnaire used in this study was developed and published in an earlier study (17 pertaining to their knowledge of HPV and the safety, efficacy and impact of the HPV vaccine. Willingness to have the vaccine or have their children vaccinated was also explored. Data were analysed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL, USA). The significance level was set at p < 0.05. Descriptive statistics were generated for demographic and knowledge variables. Fisher's exact test was used to determine statistically significant differences between proportions; differences in continuous variables were assessed using two-sample t-tests. Multivariable logistic regression analyses were used to identify factors associated with HPV knowledge, and vaccine knowledge.
RESULTS
There were a total of 620 surveys issued with 399 completing the survey (response rate 64.6%). Of these, 298 (75%) were female, 94 (23%) were male and seven (2%) did not give were not significant factors.
Knowledge and perception of the HPV vaccine
When asked whether they had heard of the HPV vaccine, 141 (35%) had heard of the vaccine, 157 (40%) had not, 44 (11%) indicated that they were unsure and there were 57 (14%) nonresponders. Multivariable logistic regression analyses indicated that some college education vs high school or less, and country of birth (Bahamas vs Haiti) were the significant factors which had influence on whether the participant heard of the HPV vaccine. Income, gender and age were not significant factors (Table 4) . Of those that heard of HPV, 46% learnt about it from an advertisement, 22% heard about it at school, 22% heard about it from a healthcare professional, 5% on the news, 1% from a friend and 5% from another source. Table 3 shows the number of correct answers for all participants with respect to HPV vaccine knowledge. Of five When Bahamian and Haitian born respondents were compared, significantly more Haitian born participants were in the low household annual income group and received no more than a high school education (p = < 0.001 in both instances). There were more males in the Haitian born group (p = < 0.001), but there were no significant differences between the groups with respect to age, religion and race (Table  1) .
HPV knowledge
The study participants were asked whether or not they had heard of HPV and then asked to complete ten additional questions regarding HPV knowledge. Forty-six per cent of the participants had heard of HPV, 48% had not and 6% did not respond to the question. Multivariable logistic regression analyses showed that when Bahamian and Haitian born participants were compared, persons with some college education and persons who were born in The Bahamas were more likely to have heard of HPV (Table 4) . Table 2 shows the number of correct answers for all participants. The mean knowledge score for the ten ques- tions asked was 2.93 ± 3.17. For the whole group, 7% thought that both men and women could have cervical cancer. The means scores for persons with high school education versus persons with some college education were 1.5 questions, the mean knowledge score for all the participants was 1.37 ± 1.58. The mean scores for persons with high school education versus persons with some college education were 0.7 ± 1.3 and 1.9 ± 1.6, respectively, p < 0.001. When Bahamian born participants were compared with those born in Haiti, the scores were 1.45 ±1.56 and 0.55 ± 1.11, respectively (p < 0.001). Multivariable logistic regression analyses showed some college education versus high school or less was the only significant factor which influenced whether a participant had a good knowledge score of four or more correct answers. Income, gender, age and birth place (Haiti versus Bahamas) were not of significance (Table 4) . and HPV vaccines is very limited (11) (12) (13) (14) . In spite of this, however, the vaccine is acceptable once there is understanding of its purpose (11) (12) (13) . In Honduras, 632 mothers were interviewed and it was noted that only 13% had heard of HPV vaccination and knowledge of associated conditions With respect to vaccine efficacy, 73.3% agreed that there was still need for reassurance, 3.3% felt it was effective and the remainder did not reply. The proportions were the same with respect to reassurance of vaccine safely. Of those who had daughters (n = 174), 65% would vaccinate their daughters, 3% would not and 32% were unsure if they would. Similarly, of those who had sons (n = 155), 68% would vaccinate them, 2% would not and 30% were unsure.
Of those that would not vaccinate their daughters (n = 29) their main concerns were safety (38%), while 7% had general concerns as this was a new vaccine. Twenty-one per cent felt the vaccine was not needed as their children were adults. Only 3% felt that the vaccine promoted risky sexual behaviour. Of those that would not vaccinate their sons (n = 30), the main concerns were also safety (33%) while 23% had general concerns as this was a new vaccine, and 20% felt the vaccine was not needed since their children were adult. Only 10% felt that the vaccine promoted risky sexual behaviour.
DISCUSSION
The results show that in The Bahamas, as in other regions in Latin America, knowledge of HPV, HPV-related conditions was limited. After education, 91% would accept HPV vaccination for a nine-year old daughter (11) . Also in Honduras, a survey of 100 fathers revealed that 22% heard of HPV and 17% heard of the vaccine. After receiving HPV-related information, 100% of fathers intended to accept HPV vaccination for their sons and 94% intended to accept HPV vaccination for their daughters (12) . In Brazil, a hospital survey of 301 primiparous women showed that 37% heard about HPV. Only 19% and 7%, respectively, knew that HPV is a sexually transmitted infection (STI) and that it can cause cervical cancer. Seventy-four per cent of interviewees mentioned the preventive character of vaccines and all participants affirmed that they would accept HPV vaccination after delivery (13) . In our survey, 73.3% felt that there needs to be reassurance of vaccine efficacy and safety. Nevertheless, 65% who had daughters and 68% who had sons would have them vaccinated. Further study in our population is needed to determine how educational interventions will improve the acceptance of the vaccine.
Both the quadrivalent and bivalent vaccines have been shown to be safe and effective. The FUTURE I study was a phase III placebo control trial with 5455 women between the ages of 16 and 24 years. The efficacy against HPV 6, 11, 16 and 18 was 73% (95% CI 58, 83) when all grades of external anogenital or vaginal lesions were combined. The analysis included women with prevalent infections. The quadrivalent vaccine was found to be 100% effective in preventing type specific HPV-related warts disease in women who were HPV naïve and also in preventing cervical intraepithelial neoplasia (CIN) and adenocarcinoma in situ [AIS] (18) . The vaccine was well tolerated in this trial. About 10% experienced a local reaction such as pain, pruritus and/or swelling and 3% were more likely to experience fever (18) . The bivalent vaccine was evaluated in the PATRICIA study, a phase III, multi-centre, double blind placebo control trial, with more than 18 000 women. The ages were 15-25 years. In the total vaccine cohort (TVC) for persons who were HPV naïve, vaccine efficacy irrespective of HPV DNA in the lesion was about 70% against CIN2 or worse lesions (19) . Vaccine efficacy against CIN3+ associated with HPV-16/18 was 100% (95% CI 85.5, 100) in the TVC-naïve (20) . This knowledge needs to be disseminated to the communities in The Bahamas to allay fears and misconceptions.
Improving knowledge and understanding could improve the acceptance of the HPV vaccine and will have an important role to play as The Bahamas develops an HPV vaccination programme. In our series, some college education seems to be associated with better knowledge. Educational intervention focussing on basic HPV and HPV-vaccine knowledge, safety and efficacy could be done in schools. Health education classes have been found to be a major source of health information about sexually transmitted infections [STIs] (21) . In pre-education and post-education surveys of adolescent girls 12-19 years, the intention to vaccinate rose from 35% to 69% (22) . In Honduras, mothers and fathers would accept HPV vaccination for their children after a brief education programme although there was little awareness initially (11, 12) .
Education through schools, health professionals and advertising campaigns could be effective, since 90% of those that knew of the HPV vaccine in our study, heard via one of these means. Education with respect to the importance of screening needs to be continued. A social marketing campaign initiated by 13 North Carolina counties in the United States of America (USA) included promotional posters, brochures, website, news releases and doctors' recommendation, that were placed in doctors' offices and retail outlets. The campaign successfully targeted mothers of 11-12-year olds and the healthcare providers who serve them, to increase vaccine uptake (23) . Extensive marketing campaigns in Canada, the USA and Germany have been effective, although content may have been considered controversial (24) . (25) which may have been the result of the marketing campaigns. Both HPV vaccines have been placed on the World Health Organization (WHO) pre-approval list of vaccines and would enable developing countries such as The Bahamas to procure the vaccine at a greatly reduced rate (26) . A press release from the Ministry of Health has indicated that the needed protocols are being developed for the implementation of a HPV vaccine programme in The Bahamas (27) . In order for the public health planners to determine the scope of education as well as other interventions required to ensure acceptance and uptake of the HPV vaccine, knowledge and attitudes toward HPV, HPV-related disease and the HPV vaccines needed to be determined (6) .
The participants were persons who resided in New Providence which is the main urban region and this serves as a limitation. The Bahamas is made up of 700 islands and keys, thus the overall findings in this study population may not be applicable to all of The Bahamas. Since Nassau is home to The College of The Bahamas as well as The Bahamas campus of the University of the West Indies, it is not surprising that the portion of college educated persons in this survey was 55%. It is unlikely that data from other regions of The Bahamas would show better knowledge since the portion of college educated persons would be less and college education was associated with good knowledge.
In summary, more public education is needed to increase awareness of cervical cancer and HPV-related diseases. Reassurance with respect to vaccine safety and efficacy also needs to be addressed. Since approximately 65% of the participants who had children would vaccinate their sons and daughters, there is the potential for national vaccination programmes to succeed, as high herd immunity may be achieved.
